these visits by people with epilepsy (PWE) result in hospital admission. 2 The commonest reasons for attending EDs with seizures include unusual or new-onset seizures and increase in seizure frequency, with cessation of anti-epileptic drugs and alcohol withdrawal being the most important contributing factors. 3, 4 Injuries after a seizure are another common reason (observed in approximately 9% of seizure patients who receive medical care), making a considerable contribution to seizurerelated healthcare costs. 5 Explanations for the use of emergency services include a lack of knowledge and a feeling of social responsibility amongst bystanders, fears of adverse consequences and new or unexpected symptoms. 6 Those who repeatedly attend EDs report poorer Quality of Life (QoL), increased stigmatisation and higher levels of anxiety and depression. 7 ED visits and subsequent hospitalisations contribute to the majority of the economic burden of uncontrolled epilepsy 8 with previous authors recently estimating an annual cost of s417,074 (£347,544) per 100,000 per year for hospital admissions alone. 9 In this paper we initially present a summary of the current official UK guidance for the pre-hospital management of seizures by ambulance clinicians. We then explore to what extent these guidelines are based on currently available evidence by carrying out a review of studies of pre-hospital care interventions for patients with seizures (the majority of papers focus on the treatment of generalised convulsive status epilepticus (SE)). The UK guidelines are described as an exemplar of a national clinical guideline and are not intended to reflect practice internationally which is likely to vary (a review of guidelines in individual countries is beyond the scope of this article).
Literature review methods
The MEDLINE database (Ovid, 1946 to January 2014) was searched for relevant articles. Two broad categories were used: (i) seizures and (ii) pre-hospital care. Search terms in the seizure category included: ''seizures'', ''epilepsy'', ''non-epileptic attack disorder'', ''fits'', ''convulsions'', ''status epilepticus'', ''epileptological emergencies'' and ''pseudo-seizures''. Seizure aetiologies with alternative management priorities (e.g. febrile convulsions, eclampsia) were not the main focus of the review and were therefore not included in the original search strategy. Those relating to pre-hospital care were: ''pre-hospital care'', ''emergency medical services'', ''ambulances'', ''emergency medical technicians'', ''allied health personnel'' or ''paramedic''. Exclusion criteria were: (i) case reports, (ii) in-hospital or ED care, (iii) not specific to emergency care by pre-hospital services or (iv) not specific to seizure management, (v) alternative aetiologies with different management priorities e.g. trauma and eclampsia, (vi) review articles, (vii) articles not in English and (viii) letters, editorials or supplements. Some articles captured within the search did not evaluate formal pre-hospital services but were included, because they looked at emergency treatment of a seizure in the residential setting in patients with an established diagnosis of epilepsy. We complemented the search outlined with hand searches for relevant articles in the reference lists of articles retrieved by the search, the grey literature such as national guidelines and our own archives.
The initial search generated 287 titles and abstracts of which 257 articles were excluded (104 articles were not specific to seizure management, 48 did not relate to pre-hospital services, 104 were case reports, review articles, articles not in English, editorials, letters or supplements and one article was a duplicate of a paper included within the review). 30 articles were retrieved in full; they all met the criteria and were included in the review. Two more papers were added after reviewing the reference lists of the retrieved articles. 10, 11 16 further articles/sources which were considered relevant by the authors but not captured by the original search were also included. 4, [7] [8] [9] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] 38, 40 Articles referenced but not captured within the original search were used to complement the review and included those which highlight the scale of the problem, 4,7-9 papers which do not relate directly to pre-hospital services 10, [13] [14] [15] [16] [17] [18] 38, 40 or seizure management itself 11, 19, 20 and one article on simple febrile seizures. 21 There is an extensive literature on the management of the seizure patient after arrival in the ED, however, this is beyond the scope of this review. Recent reviews on in-hospital management have been published in both adults 22 and children 23 that provide evidence on further management of established and refractory SE. Including these two review articles a total of 50 articles/sources are cited in this paper.
UK Ambulance Services clinical practice guidelines
The Guideline Development Group of the UK Ambulance Service's Joint Royal Colleges Ambulance Liaison Committee produces Clinical Practice Guidelines which are used to guide paramedic practice in the UK. 12 These Clinical Practice Guidelines are intended to be evidence-based whenever possible. The 'JRCALC' (as it is colloquially known) contains two sections on 'convulsions' (one for adults and one for children) plus separate sections on the relevant drug doses and administration schedules.
Initial assessment and resuscitation
Initial assessment and resuscitation is based on the airway, breathing, circulation, disability (ABCD) approach to ALS and the important issues which are related to seizures are summarised in Table 1 .
Medications for status epilepticus
Benzodiazepine treatment to terminate seizures is suggested in the Clinical Practice Guidelines after 5 min of seizure activity (2-3 min in eclampsia) or if repeated seizures occur (not secondary to hypoxia or hypoglycaemia). First line treatment is the patient's own midazolam if this is available (UK ambulances do not carry midazolam); this should be administered via the buccal or intranasal route. This is preferred to diazepam because of the delay in onset of diazepam caused by obtaining intravenous (IV) access or by slow per rectum (PR) absorption. Midazolam can be administered by the carer or the ambulance clinician (if the latter is competent at this). A second dose of midazolam should be given after 10 min if the seizure continues. Alternatively diazepam may be used for the second dose.
Diazepam is the benzodiazepine of second choice for termination of seizures. IV is the preferred route in adults if IV access can be gained rapidly. If IV access is difficult then the PR route should be used. In children, because of the difficultly gaining IV access, PR is the preferred route. A second dose of diazepam should be given after 10 min if the seizure continues but this must be via the IV route (or via the intra-osseous route in children).
Transfer to hospital
According to the Guidelines, a time critical transfer to hospital should be undertaken if the patient can safely be moved and any of the following features are present: major ABCD problems, serious head injury, SE (following failed treatment), underlying infection e.g. meningococcal septicaemia or eclampsia. Other criteria for transfer to hospital are: serial seizures (three or more in an hour), first seizure, difficulties monitoring the patient, all children under one year old and first febrile convulsion in children (non-first febrile convulsions, i.e. if the child has had one before, do not require transport to hospital). PWE, where the diagnosis is already established, who make a full recovery, are not at risk and can be supervised adequately, can be managed at home.
4. Literature review of the evidence for the pre-hospital care of patients presenting with seizures
Initial assessment and resuscitation
The use of an airway adjunct may be indicated during a seizure, 12, 24 but there are no studies looking at outcomes with and without adjuncts. One study in the USA showed that adjuncts were used by ambulance clinicians in only 1.1% of patients. 25 The use of supplemental oxygen has been suggested by emergency care experts, but its value is uncertain and there is no evidence that it improves outcomes or what dose of oxygen should be administered. Stabilisation of the cervical spine in uncomplicated patients is costly and considered unnecessary because the risk of spinal injury is minimal. 26 ALS interventions include monitoring of vital signs, electrocardiogram (ECG) recording, blood glucose level determination and establishing IV access. Sub-optimal adherence to ALS protocols has been reported. In a study of 87 patients who met ALS criteria; 32 participants had no IV access attempted (36.8%), blood glucose levels were not performed in 31 participants (35.6%) and 76 participants (87.4%) received no cardiac monitoring. 25 Previous authors have debated the need for ALS in the seizure patient 25 and the use of basic life support measures only may be more appropriate in certain situations, such as in children with simple febrile seizures. 21 In fact, attempting IV access may delay transfer to hospital without improving the timely administration of emergency medications. A retrospective study showed that average scene times in seizure patients increased by approximately 14 min in those in whom IV access was attempted. 27 Patients with pre-hospital IV lines were less likely to receive IV medications within 10 min of ED arrival compared to those in whom IV access was gained in the ED (21% vs 39%, respectively) 27 implying that pre-hospital lines are unnecessary unless IV medications are to be administered out of hospital. Triage criteria have shown good sensitivity and specificity in identifying seizure patients who do not require ALS. 28 In one study, those who were conscious with normal or rapidly improving neurological status, had normal vital signs and showed no signs of serious injury or illness did not receive ALS interventions. Paramedics successfully identified 173 out of 230 patients who did not require ALS care, with only one participant subsequently deteriorating, while 57 out of 58 patients received appropriately indicated ALS. 28 Providing the correct level of care is important in improving scene times and allowing for a more efficient use of services. However, this study employed separate dispatch teams for patients requiring ALS and those that did not, which is less applicable to systems which do not use a two tiered approach. In the UK, pre-hospital services are provided predominantly by paramedics and emergency care assistants (ECAs). Paramedics must undertake an approved university course or Ambulance Service trust training in paramedic science to achieve registration with the Health and Care Professions Council in order to practice. A paramedic is often the senior medical person at the scene of an incident and may be supported by an ECA. ECAs work under the supervision of a clinically qualified practitioner, such as a paramedic, and are trained in emergency driving. In other healthcare systems it is common for emergency physicians to provide pre-hospital care and the use of certain investigations, such as out-of-hospital single-channel electroencephalography (EEG), may be an effective tool in these circumstances. 29 
Medications for status epilepticus
The efficacy and safety of benzodiazepines in terminating prehospital SE has been investigated in 18 studies (see Table 2a and b). SE is often defined pragmatically as five or more minutes of continuous or repetitive seizure activity (without full recovery to a normal level of functioning between seizures) and the term is used interchangeably with prolonged seizures. The Pre-hospital Treatment of Status Epilepticus (PHTSE) study, a randomised, double-blind, placebo-controlled trial, compared rates of SE termination after IV administration of diazepam (5-10 mg), lorazepam (2-4 mg) and placebo by paramedics prior to ED arrival. 30, 31 Of 205 patients recruited, those who received benzodiazepines were significantly more likely to have SE terminated and there was no statistically significant difference in cardiorespiratory complications (including hypotension, dysrhythmias and respiratory depression) between the groups. 31 IV lorazepam was favoured over IV diazepam, terminating SE in 59.1% and 42.6% of patients, respectively, while cessation of seizures prior to ED arrival was associated with lower rates of admission to intensive care. 31 The results of this trial cannot be generalised to other routes of administration, or to children (who were not included) and effective treatment relies on pre-hospital personnel successfully obtaining IV access. Benzodiazepines can be given via different routes which may affect their efficacy and safety. Rectal diazepam has commonly been used as it is more rapidly and consistently administered 32 than IV lorazepam and avoids the need for IV access. More recently, the intramuscular (IM) route has been shown to be effective. The Table 2 A summary of the papers looking at treatment of seizures with benzodiazepines in pre-hospital care in (a) adults and (b) children (some studies also included treatment given in the ED). Papers included febrile convulsions and did not distinguish these from other causes of seizures. Rapid Anticonvulsant Medication Prior to Arrival Trial (RAMPART) has demonstrated the non-inferiority of IM midazolam (5-10 mg) over IV lorazepam (2-4 mg) in treating SE in the pre-hospital setting in 893 patients, attributed to its speed and ease of delivery. 33 Seizures were more likely to be absent upon ED arrival (73.4% vs 63.4%, respectively) with fewer hospital admissions in the IM group. 33 IM administration may also be more practical than buccal and rectal routes. 33 The intranasal (IN) route is favoured in people with refractory epilepsy who have frequent seizures, 34 although local irritation 13 may limit its use. Alternative anticonvulsants for use in adults are currently being evaluated in the pre-hospital setting including the use of clonazepam and levetiracetam in an ongoing randomised controlled trial. 35 14 studies investigated the efficacy of benzodiazepines in children and young people only. Diazepam (given IV and PR) is effective in shortening duration of SE 36 and a reduced dose of IV diazepam (0.05-0.1 mg/kg instead of 0.2-0.5 mg/kg) has been recommended as this minimises the rate of respiratory complications 37 although this may reduce likelihood of seizure termination. 38 Rectal diazepam achieves a therapeutic serum concentration within 10 min 39 and may be effective at reducing ED visits and parental stress levels following home usage. 40 However, this route of administration may cause embarrassment or anxiety on the part of the patient or care givers 41 and is not always used by pre-hospital services, despite being recommended by local guidelines. 38 Administration of midazolam by paramedics is more effective than diazepam in stopping seizure activity with fewer complications. 42 Buccal midazolam has been studied in the residential setting where it was found to be at least as effective as rectal diazepam in terminating seizure activity in young people with refractory epilepsy. 10 The IM route is safe in children and avoids the greater difficulties of obtaining IV access, 43 but one study reported that it may be less effective by this route. 44 Intranasal administration of midazolam is equally effective as rectal diazepam in treating children with acute seizures at home 14 but may be variably absorbed in the presence of an upper respiratory tract infection. 42 Buccal midazolam is yet to be studied in the pre-hospital setting. It may be useful to treat seizures in children 15 and has been shown to be more effective than rectal diazepam in terminating seizures in children in the ED.
16,17
Telephone triage and transfer to hospital
The majority of seizures are managed adequately by paramedics according to ALS protocols and pre-hospital teams may be dispatched without the need for hospital contact 45 or further intervention. However, there is a possibility that seizures may be secondary to cerebral hypoxia caused by cardiac dysrhythmia or cardiac arrest. This creates a dilemma for ambulance telephone dispatch teams because not all Ambulance Service vehicles are equipped with automatic external defibrillators (AEDs) or crews trained to use them. An audit conducted by the London Ambulance Service showed that where a history of epilepsy is established cardiac arrest is very unlikely and it was proposed that a lower response category ambulance could be dispatched if the seizure has terminated and the patient is breathing. 46 Patients with known seizure disorders who have a seizure in the community and refuse transport have minimal risk of recurrence or adverse outcome. 11 Nevertheless, a large proportion of patients after a seizure are taken to EDs. A recent qualitative study of decision-making in 15 emergency ambulance clinicians in the UK has explored factors influencing transfer of PWE. 2 Themes included a lack of experience, patient views, insufficient information, anxiety over litigation and bystander expectations. Only just over half of ambulance clinicians felt confident enough to decide on whether the patient requires ED admission while all felt that there were no alternative care pathways. A combination of selfmanagement plans and appropriate triage may considerably improve the management of patients with seizure disorders who do not require ED attendance. Epilepsy-nurse specialists may be able to help in improving confidence and promoting selfmanagement in those who repeatedly attend the ED. 18 
Non-epileptic attack disorder
Non-epileptic attacks may be mistaken for seizures by prehospital clinicians and therefore managed inappropriately and these patients may be exposed to potentially harmful drug treatment. The majority of patients (72.9%) diagnosed with NonEpileptic Attack Disorder (NEAD) report at least one emergency admission with a prolonged seizure. 19 The diagnosis of nonepileptic attacks may be inaccurate due to lack of knowledge, lack of training and the absence of reliable tests. 47 
Other issues
We found little or no evidence on the pre-hospital management of seizure-related injuries, alcohol or febrile convulsions using our search strategy. Injuries are common after a seizure, they are a major cause of morbidity from epilepsy and they may be a significant factor in the management of a large proportion of patients after a seizure. 5 Alcohol is known to be a major factor in the aetiology of seizures and therefore presumably is another important factor in pre-hospital care but we did not find any papers on this topic. Febrile convulsions are a common cause of seizures in children but we only found two articles which directly related to the management of these patients by pre-hospital emergency services. These papers looked at the need for ALS 21 and the characteristics of patients with prolonged febrile seizures. 50 
Conclusions
Seizures are a very common reason for calling-on pre-hospital emergency medical services. Pre-hospital management after a seizure is a crucial determinant of patient outcomes and healthcare costs, but the evidence base for many established treatments is weak. There is no evidence at all for many aspects of management and guidelines or individual treatment choices are based on expert opinion alone. Many aspects of the initial assessment and resuscitation are generic and follow established ALS principles. However, issues specific to seizures such as whether supplemental oxygen is beneficial and how to identify patients in need of ALS using telephone triage remain to be resolved. A large proportion of the papers we found looked at the drug treatment of SE (mainly using benzodiazepines). Recent evidence has suggested the superiority of IM midazolam 33 but it is difficult to draw any firm conclusions about the safest and most effective treatment because of the variability in study populations, drug doses, administration routes and study designs. A very large proportion of patients after a seizure appear to be transported to hospital 2 but those with a known seizure disorder who have a simple seizure may be suitable for home management without adverse outcome. 11 There is very little research into alternative care pathways or criteria that could be used to support paramedics to manage patients in the community without transporting to an ED after a simple seizure. More research is needed to improve care for these patients and to improve the cost-effectiveness of the healthcare systems within which they are treated.
Ethical approval
None declared.
Funding
